Ringworm Epizootics in Laboratory Mice and Rats: Experimental and Accidental Transmission of Infection**From the Research and Development Division, Smith, Kline and French Laboratories, Philadelphia 1, Pennsylvania.  by Dolan, M.M. et al.
RINGWORM EPIZOOTICS IN LABORATORY MICE AND RATS:
EXPERIMENTAL AND ACCIDENTAL TRANSMISSION
OF INFECTION*
M. M. DOLAN, BA., A. M. KLIGMAN, M.D., Pn.D.,t P. G. KOBYLINSKI, B.S. AND
M. A. MOTSAVAGE, B.A.
Ringworm infection in small animals is being
increasingly recognized. Georg (1) lists the dog,
cat, opossum, rabbit, mouse, muskrat, guinea
pig and monkey as hosts for Trichophyton mentag-
rophytes. The infections are often inapparent and
are revealed only by culture. In a general survey,
Menges and Georg (2) isolated Microsporum
canis from 55% of 148 cats. Of 40 cats from one
breeder, only 60% of animals with positive
cultures had visible lesions. Fuentes and Aboula-
fia (3) cultured hair from an apparently healthy
colony of guinea pigs. Approximately 10% of the
group harbored Trichophyton mentagrophytes in
an "inactive" state, that is, visible lesions were
not present. More recently Menges, Georg and
Habermann (4) encountered a Trichophyton
mentagrophytes guinea pig epizootic in which
84% of the animals harbored the organism al-
though only 34% showed typical lesions. Klig-
man (5) has dealt with the subject of mouse
ringworm in detail.
Natural infections in laboratory rats and mice
Recently we observed that about 2% of several
hundred 6-week-old male albino mice (Webster
strain) developed scaly patches of alopecia a few
days after receipt from the dealer. The back and
neck were chiefly affected. The patches measured
0.5—2 cm. in diameter and were irregular in out-
line. The alopecia was incomplete and variable
in degree. Trichophyton mentagrophytes was
regularly and easily isolated from the affected
areas.
A few months after the above observations
were made, similar signs of fungous infection
were observed in a colony of 2—4-month-old
Wistar strain rats, These animals were purchased
from a different breeding farm and were housed
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in quarters completely separated from other
animals. Approximately 20% of the colony sud-
denly developed large scaly patches of alopecia
from which Trichophyton mentagrophytes was
isolated. A typical example of these lesions ap-
pears in the illustration.
Accidental transmission of ringworm
infections to humans
The first human infection occurred in one of
the individuals who performed intraperitoneal
injections on 100—150 mice per day. A dense
group of vesicles developed on the thumb. The
central area became scaly and eczematous while
vesicles formed in the enlarging periphery. Cul-
tures yielded granular, red pigment-forming
colonies identical with those cultured from in-
fected mice.
A second individual who also administered
intraperitoneal injections and oral intubations to
mice developed a similar lesion on the left fore-
finger from which Trichophyton mentagrophytes
was isolated.
The third Trichophyton mentagrophytes in-
fection occurred in a laboratory worker who
handled 80—100 rats each day. A highly inflam-
matory vesicular lesion developed on the right
forearm just above the wrist.
In all three cases a persistently scaling, circi-
nate inflammatory plaque formed from which
the organism could be isolated for periods vary-
ing from 6 weeks to 6 months.
Prior to the appearance of human infections,
laboratory personnel used 2% cresol hand dip
whenever handling of the animals was necessary.
No protective gloves were worn.
Experimental ringworm infections in mice
Kligman (5) has shown that mice and rats
are susceptible to ringworm infections only dur-
ing a limited period of the skin cycle, namely,
toward the latter part of anagen.
Six-week-old male albino mice were inoculated
on the twelfth day of anagen by gently rubbing
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FIG. 1. Trichophyton mentagrophytes infection
of rat.
a small piece of a Sabouraud's agar culture of
Trichophyton mentagrophytes over the prepared
site. Thirty animals were divided into three
equal groups. The first group was infected with
Trichophyton mentagrophytes isolated from mice;
the second and third groups were infected with
the cultures isolated from the first two human
infections. The results were as follows:
Group No. Animals Culture Source % Occurrenceof Infection
I
II
III
10
10
10
Mice
Human
Human
90%
80%
100%
Hair samples of all inoculated mice were cul-
tured five days after inoculation and pure cul-
tures of the test organisms were recovered.
Experimental ringworm infection in humans
Fourteen humans were inoculated with Tn-
chophyton mentagrophytes obtained from humans
and, mice. Six were inoculated on the back and
eight on the dorsum of the hand. Culture ma-
terial was gently spread over the skin, without
scarification. The site was then covered with
aluminum foil and the whole tightly enclosed
with overlapping strips of adhesive tape to give
a completely occlusive bandage. By the third
day after inoculation violently inflammatory
lesions appeared in almost every instance, The
inoculated site, but not beyond this, became
occupied by an intense weeping and eczematous
process, with crusting, swelling, redness and later
scaling. An unexpected feature was the unusual
persistence of the inflammatory lesions for a
period of six to twelve weeks. Unlike the human
accidental infections, the morphologic charac-
teristics did not conform to the usual picture of
circinate ringworm with an "active" border and
a clearing center. Instead, in the chronic stage
there was a thickened, scaly, dry or papule
studded patch which periodically flared up just
as it seemed ready to heal. Nodules and indura-
tions formed within the plaques. These lesions
should probably be regarded as instances of
Majocchi's granuloma. Itching was intense and
discomfort great. Cultures taken after the first
five weeks were always negative. The cause of
the sudden exacerbations was not ascertained.
Three biopsy specimens from the dorsum of the
hand 8—10 weeks after inoculation disclosed no
sign of the fungus. There were irregular foci of
chronic inflammatory infiltration with many
lymphocytes and histiocytes deep within the
corium and even extending into the subcutaneous
tissue.
These were the deepest. most inflammatory
and most persistent lesions which we have ever
produced experimentally in an experience in-
volving hundreds of subjects and all the major
species of dermatophytcs isolated from animal
and human sources.
Isolation of Trichophyton mentagrophytes from
apparently healthy rats and mice
In order to determine the incidence of "car-
riers" among 2—4-month-old Wistar strain rats
and 4—6-week-old mice from several breeders, a
hair sample from each animal was obtained and
cultured at the time the animal was removed
from the shipping box supplied by the breeder.
A total of 271 rats and 222 mice, without gross
evidence of infection, was thus examined.
RESULTS
Breeder Animal
No. of
Animals
Cultured
No. Positive
Culture
% Incidence
of T. menta-
grophytes
A Rat 56 8 14%
B Rat 32 1 3%
C Rat 24 3 12%
D Rat 65 4 6%
E Rat 94 0 0%
F Mice 136 75 55%
G Mice 32 3 9%
H Mice 27 0 0%
I Mice 27 18 66%
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DISCUSSION
Because of the high overall incidence (18%)
of positive results obtained from cultures of
apparently uninfected rats and mice it is evident
that Trichophyton. mentogrophytes infection may
exist in the absence of clinical signs. Such in-
apparent infections are inappropriately described
as "inactive" for, excluding contamination with
spores, the fungus must proliferate actively with-
in the hair or lose its position as a parasite. A
few scattered infected hairs are impossible to
detect clinically but may shed innumerable
spores. Hence, cultures are far more valuable in
diagnosis than is visual inspection. Such animals
may transmit infection to humans and other
animals and, furthermore, under appropriate
conditions, the inapparent infection may increase
to the stage of clinical manifestation.
Although the incidence of Trichophyton men-
tagrophytes "carriers" varied among several
breeders, practically all of the clinically apparent
infections were observed in rats obtained from a
single breeder (A). When the rats were received
they appeared normal and the breeder himself
had never observed skin lesions in his colony.
These animals were housed in quarters where
increased temperature (80°F.), increased hu-
midity (50—55%) and above normal crowding of
cages existed. Since heat and humidity notori-
ously stimulate fungous infection, it is likely
that the housing conditions were responsible for
the emergence of gross infection.
Age is also quite likely to be a significant factor
in infection. 6-week-old mice were more suscepti-
ble than older animals; similarly, Georg (2)
found a lower incidence of Micros porum canis
infections in older cats.
Up to the present time we had found no simple
method for eradication of pathogenic fungi from
experimental animals. In cases where the rate
of infection is extremely high, it has been neces-
sary to destroy the entire colony and steam
sterilize all cages and equipment before re-use.
Prophylactic measures such as cleaning of
cages with steam and detergents, and regulation
of temperature and humidity in animal quarters
has considerably decreased the incidence of
overt ringworm infections in animals in this
laboratory.
For the past 8 months all laboratory workers
who handle mice have been wearing rubber
gloves, which are steam sterilized after use,
whenever direct contact with the animals is
necessary. No new human infections have ap-
peared within this period.
5UMMARY
1. Natural Trichophyton mentagrophytes in-
fections occurred in 1—2% of experimental albino
mice and in 20% of a colony of experimental rats
used in this laboratory.
2. Three laboratory workers contracted ring-
worm infections of the hands during mouse and
rat experimental studies not concerned with
mycology.
3. Healthy albino mice were experimentally
infected with organisms recovered from human
and mouse infections.
4. Experimental infections were produced in
humans with organisms isolated from naturally
infected humans and mice.
5. Cultures of the hair of rats and mice im-
mediately after arrival from breeding farms re-
vealed that 18% of the animals harbored Tn-
chophyton mentagnophytes. No gross evidence of
infection was present in these groups of animals.
6. Some prophylactic procedures for limiting
the spread of infections among animals and hu-
mans are suggested.
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